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osting by EAbstract A psychrophilic bacterium producing cold-active lipase upon growth at low temperature
was isolated from the soil samples of Gangotri glacier and identiﬁed as Microbacterium luteolum.
The bacterial strain produced maximum lipase at 15 C, at a pH of 8.0. Beef extract served as
the best organic nitrogen source and ammonium nitrate as inorganic for maximum lipase produc-
tion. Castor oil served as an inducer and glucose served as an additional carbon source for produc-
tion of cold-active lipase. Ferric chloride as additional mineral salt in the medium, highly inﬂuenced
the lipase production with an activity of 8.01 U ml1. The cold-active lipase was puriﬁed to 35.64-
fold by DEAE-cellulose column chromatography. It showed maximum activity at 5 C and thermo-
stability up to 35 C. The puriﬁed lipase was stable between pH 5 and 9 and the optimal pH for
enzymatic hydrolysis was 8.0. Lipase activity was stimulated in presence of all the solvents (5%)s: College of Applied Medical
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138 B. Joseph et al.tested except with acetonitrile. Lipase activity was inhibited in presence of Mn2+, Cu2+, and Hg2+;
whereas Fe+, Na+ did not have any inhibitory effect on the enzyme activity. The puriﬁed lipase was
stable in the presence of SDS; however, EDTA and dithiothreitol inhibited enzyme activity. Pres-
ence of Ca2+ along with inhibitors stabilized lipase activity. The cold active lipase thus exhibiting
activity and stability at a low temperature and alkaline pH appears to be practically useful in indus-
trial applications especially in detergent formulations.
ª 2012 Academy of Scientific Research & Technology. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Psychrophilic microorganisms have successfully colonized all
permanently cold environments from deep sea to mountains.
The main targets in environmental adaptation are proteins such
as enzymes, the most abundant ﬂexible macromolecules in-
volved in controlling the whole metabolic pathways and struc-
tural organization of the microorganisms [9]. These cold active
enzymes are active at low temperature and possess high ther-
molability [6]. The growing interest on these enzymes is due
to unique kinetic and molecular properties, which are attractive
catalysts for enthalpy deﬁcient conditions and to develop
potentially useful products. The use of cold active enzymes
has a great potential in terms of lower energy costs, use in ther-
apeutics, additive in detergents and lowers microbial contami-
nation in industrial processes [27,1]. In addition, the ability of
enzyme being active in presence of organic solvents has received
much attention during the past three decades.
Lipases are triacylglycerols acyl hydrolases (E.C.3.1.1.3)
which hydrolyzes triacylglycerols to fatty acids, diacylglycerol,
monoacylglycerol, and glycerol [5]. The cold active lipases are
largely distributed in microorganisms surviving at low temper-
ature nearly 5 C [19]. They are probably structurally modiﬁed
by an increasing ﬂexibility of the polypeptide chain enabling
an easier accommodation of substrates at low temperature.
Although, there are a number of cold-active enzyme producing
sources available, only a few bacteria and yeast have been
exploited for the production of cold adapted lipases [18].
Cold-active lipases have true enzyme potentialities for indus-
trial applications [13] in ﬁelds of pharmaceutical preparations,
cosmetics, food production, waste management, biosensors
[20], additives in laundry detergents for cold washing, organic
synthesis of unstable compounds, ﬁne chemicals, bioremedia-
tion [43] etc. Thus, the cold active lipase owes a high demand
because it is active under low water conditions due to inherent
greater ﬂexibility whereas, mesophilic and thermophilic en-
zymes are severely impaired by an excess of rigidity [12]. The
cold-active lipase from psychrophilic microorganisms insist
special consideration because of the low cost in production,
wide variety, stability to organic solvents, speciﬁcity action,
mild reaction condition and low energy consumption than con-
ventional chemical methods. The r-DNA technology and pro-
tein engineering has been used in the past few years to improve
the stability of such enzyme [21,17]. In place of using such cur-
rent but expensive and time consuming techniques, proper
selection of wild microbial isolates can offer stable enzymes
that can easily serve the purpose without any additional
requirements. For production of industrial enzymes, isolation
and characterization of new promising strains, using cheap
carbon and nitrogen source is a continuous process [31]. More-over, research on the interactive effects of salt concentration,
pH and temperature will be useful to understand the enzyme
potentialities.
Gangotri glacier situated in Uttarkashi is the second largest
Himalayan glacier after Siachen (30440 and 30560N; and
79040 and 79150E, draining in northwesterly direction). It is
about 30 km long and 0.5–2.5 km wide and covers an area of
about 75 km2 [39]. Psychrophiles and psychrotrophic organ-
isms play a major role in degradation of organic matter in
microbial ecosystem of Gangotri glacier. Thus, it would be of
much interest to study nature of extracellular enzyme such as
lipase secreted by cold adapted bacteria that are active not only
in permanently cold areas but in habitats which experiences
temperature ﬂuctuation [2]. Some of these organisms depend-
ing on their optimal growth temperature are also known as
psychrotolerant or psychrotrophs [28]. When a target enzyme
type, one with commercial potential is needed extensive screen-
ing of bacterial isolates from cold environments can be carried
out. In view of the above, a bacterial strain was isolated,
identiﬁed as Microbacterium luteolum and the culture condi-
tions were optimized for cold active lipase production. The
enzyme was partially puriﬁed and characterized.2. Materials and methods
2.1. Chemicals
The substrate p-nitrophenylpalmitate (p-NPP) was purchased
from Sigma–Aldrich Co. All other chemicals used were of ana-
lytical grade available commercially (Hi-Media laboratories,
Mumbai and Bangalore Genei, India). The oils used as source
of inducers were commercially available and purchased from
the local market.
2.2. Sample collection and screening of cold active lipolytic
bacteria
Soil samples were collected during early winter from different
ecological niches of the Gangotri glacier by using sterile spatula
and plastic bags. Samples were processed in laboratory and
stored at20 C. For screening of psychrotrophic lipolytic bac-
teria, serially diluted samples were spread on trybutyrin agar
plates (TBA). The colonies showing a clear zone formed by
the hydrolysis of trybutyrin after 48 h of incubation at 15 C
[15], were selected for further studies. Bacterial colony, showing
largest zone, was isolated by repeated pure culture technique
and selected for further studies. Stock cultures were maintained
as 50% glycerol stocks at 20 C. Working cultures were pre-
pared by two successive transfers of stock culture to trybutyrin
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was completely identiﬁed and characterized based on morpho-
logical and biochemical characteristics.
2.3. Lipase activity assay
Lipase activity was determined using p-nitrophenylpalmitate
(p-NPP) substrate as described by Winkler and Stuckmann
[45]. In brief, the substrate was prepared in phosphate buffer
(90 ml) containing gum arabic (100 mg) and sodium deoxycho-
late (207 mg). The substrate p-NPP (30 mg) was dissolved in
10 ml of isopropanol and mixed with buffer solution. Freshly
prepared p-NPP substrate solution (2.4 ml) was mixed with
0.1 ml of sample, pre-incubated at 15 C for 15 min along with
a control (without enzyme). The release of p-nitrophenol (p-
NP) was measured spectrophotometrically at 405 nm. One unit
of lipase activity is deﬁned as the amount of enzyme releasing
1 lmol p-NP min1 under assay condition. Protein concentra-
tion was measured by using bovine serum albumin as a stan-
dard [26].
2.4. Culture conditions
Optimization of production parameters was aimed to assess
the effect of a single parameter at a time and later manifesting
it as standardized condition before optimizing next parameter.
For each step, lipase activity was assayed to estimate optimal
yield. M. luteolum was cultured in mineral salt medium [24]
with slight modiﬁcation of the medium at pH 7.0 consisting
(gl1) of yeast extract (1.0), NaCl (2.0), MgSO4 (0.4),
(NH4)2SO4 (0.5), K2HPO4 (0.3), KH2PO4 (0.3), CaCl2 2H2O
(0.01%), gum arabic 0.2%, and 0.5% (v/v) trybutyrin. TB
medium (100 ml) was prepared in 500 ml Erlenmeyer ﬂasks,
sterilized, inoculated, shaken at 150 rpm and maintained at
15 C until the late exponential growth phase (96 h). To inves-
tigate optimum incubation time for production of cold active
lipase, trybutyrin broth (100 ml) was inoculated (5 ml inocu-
lum) and incubated at 15 ± 2 C. Samples were withdrawn
at 12 h intervals up to 96 h and assayed for lipase activity after
centrifugation at 10,000 rpm at 4 C for 10 min. The superna-
tant was used as enzyme source for lipase assay. Following as-
says were done for optimization of different parameters using
the afore mentioned for enzymatic assay. All experiments were
performed by shake ﬂask culture to evaluate culture conditions
and medium composition. To determine the effect of tempera-
ture on cold active lipase production, TB media was inoculated
and incubated at different temperature ranging from 5 to 35 C
in cooling shaking incubator. To test the effect of initial pH on
cold active lipase production, TB media were adjusted to dif-
ferent pH (5.0–10.0) with buffers [14]. To study the effect of
different organic nitrogen sources, such as beef extract, yeast
extract, peptone, tryptone, and inorganic nitrogen compounds
NaNO3, NH4NO3, and KNO3, a modiﬁed mineral salt med-
ium was used as a basal medium in which yeast extract, ammo-
nium sulfate were omitted and the basal medium was
supplemented with each nitrogen source (1%). To test the
inﬂuence of additional carbon sources, media were supple-
mented with additional carbon sources such as glucose, su-
crose, maltose, lactose, and mannitol at 0.5% (w/v). Effect
of different inducers and substrates for the production of li-
pase was studied by addition of olive oil, castor oil, mustardoil, coconut oil, jatropha oil, and soybean oil (0.2%) to broth
media with trybutyrin as a control. To broth media 0.5% (w/v)
of NaCl, KCl, MgCl2, and FeCl3 were added to test the effect
of mineral salts in the production of cold active lipase with
CaCl2 as a control.
2.5. Partial puriﬁcation of lipase
Inoculum (5%) of M. luteolum was inoculated into 1000 ml of
an optimized mineral salt medium and incubated at 15 C with
150 rpm agitation. The highest level of lipase activity was ob-
served after 24 h of cultivation. To purify lipase, the culture
supernatant was collected by centrifugation at 10,000 rpm,
for 10 min at 4 C. The protein was precipitated from the
supernatant by adding ammonium sulfate up to 60–80% satu-
ration [14]. Precipitate formed was collected by centrifuging at
12,000 rpm for 30 min at 4 C. Protein was re-suspended in
50 ml of 50 mM phosphate buffer (pH 8.0) and dialyzed
against three changes of same buffer for overnight. Lipase-rich
fractions were pooled and applied to a column (15 · 1.5 cm) of
pre-swollen DEAE-cellulose (Bangalore Genei, India), which
was pre-equilibrated with 10 mM phosphate buffer at pH
8.0. Lipase (20 ml) was loaded in column and allowed for bind-
ing to the matrix for 2 h at 4 C. Column was washed thor-
oughly with the same buffer to remove unabsorbed material.
The bound fractions were eluted with a linear gradient of NaCl
(0.01 to 1 M; 200 ml) in same buffer at a ﬂow rate of 40 ml h1.
Eluted gradient was collected in 5 ml fractions. The fractions
were assayed for lipase activity by using p-NPP as substrate
and active fractions were pooled.
2.6. Characterization of lipase
To study the effect of temperature on activity of partially puri-
ﬁed enzyme, assay reaction mixture was incubated at different
temperatures ranging from 5 to 50 C for 15 min and activity
was determined. To study the enzyme stability at different tem-
perature, puriﬁed enzyme was dissolved in 50 mM phosphate
buffer (pH 8.0), pre-incubated at different temperatures rang-
ing from 5 to 50 C for 1 h, rapidly residual activities were
measured by the standard assay procedure.
Activity of the puriﬁed lipase at different pH values was
measured adjusting pH of the reaction mixture using (0.1 M)
of following buffers: citrate buffer (pH 5.0–6.5), Tris-chloride
buffer (pH 7.0–9.0), Glycine – NaOH buffer (pH 10). The en-
zyme activity was assayed by method described before. To
study the stability at different pH, puriﬁed lipase was dissolved
in above-mentioned buffers. These enzyme solutions were pre-
incubated at 15 C for 1 h and residual activity was measured
at pH 8.
The effect of organic solvents at 5%, 25%, and 50% (v/v)
concentration on the stability of puriﬁed lipase was investi-
gated by the modiﬁed procedure of Ogino et al. [30]. The par-
tially puriﬁed lipase was dissolved in 0.1 M phosphate buffer
(pH 8.0) and organic solvent was added to get a ﬁnal concen-
tration in separate sealed glass vials. The mixture was incu-
bated for 24 h at 15 C. The residual lipase activity was
determined by standard assay conditions using p-NPP as sub-
strate. The relative activity (%) was calculated relative to the
case of reaction without the addition of any solvents, which
was taken as 100%.
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activity, partially puriﬁed lipase was dissolved in 50 mM phos-
phate buffer (pH 8) containing different metal ions such as
Fe+, Co2+, Zn2+, Hg2+, Mn+, Cu2+, Na+ (ﬁnal concentra-
tion of 1.0 mM), pre-incubated for 1 h at 15 C. Similarly, the
effect of inhibitors such as EDTA, SDS, and dithiothreitol
(DTT) were studied. Effect of Ca2+ ions on stability was deter-
mined by incubating lipase in the presence and absence of
Ca2+ with EDTA. Residual activities were measured and com-
pared with a control (without metal ions/inhibitors).
3. Results and discussion
Soil samples collected from Gangotri glacier contains high
bacterial count varying from 10 · 106 to 15 · 106 cfu gm1 of
soil. A large proportion of cold adapted bacteria existing indi-
cates the ability of continued growth and metabolism at low
temperature. The lipolytic bacterial count varied from
5 · 106 to 8 · 106 cfu gm1 of the soil sample. In present study
a total of 27.14% strains were found to be lipolytic and the
bacterial strains appeared to be an exploitable source of
cold-active lipase. Lipolytic bacteria are widely distributed in
nature, with around 20% of several thousand microbes iso-
lated from soil are found to be lipase producers as tested on
solid media for lipase production [16]. On the basis of clear
zone around the colony on trybutyrin agar, a potential isolate
was selected for further studies. Up on repeated streaking on
trybutyrin agar, a pure culture was isolated and identiﬁed by
morphological and biochemical characteristics (Table 1). On
solid media colonies were round, smooth, viscous, convex,
opaque, entire, and yellow white. The isolate studied was gram
positive, facultative aerobe rod shaped, motile bacteria and
was able to grow at 4–25 C and at a wide range of pH 5.0–Table 1 Identiﬁcation of potential lipolytic bacterial isolate by mo
Tests
Morphological characteristics
Conﬁguration, margin, elevation, surface, density and color
Gram’s reaction and shape
Motility
Biochemical characteristics
Growth temperature
Growth in NaCl
Growth on:
Mac Conkey agar
Indole, Voges-proskauer,
Methyl red, citrate, H2S production
Gelatin hydrolysis, urea hydrolysis
Casein hydrolysis, starch hydrolysis
Nitrate reduction, oxidase, catalase
Hugh Leifson’s: (a) aerobic and (b) anaerobic
Acid production from:
Carbohydrate-glucose, galactose, xylose
Lactose, sucrose, maltose, mannitol
Assimilation of arabinose, N-acetylglucosamine, malate
Assimilation of arginine dihydrolase, citrate, phenyl acetate10.0. The bacterial isolate was positive for methyl red, citrate
utilization, casein hydrolysis and hydrogen sulﬁde production.
The isolate was able to produce acid in presence of glucose,
galactose, and xylose. The following characteristic were nega-
tive for the strain growth on Mac Conkey agar, indole test, ni-
trate reduction, gelatin hydrolysis, urea hydrolysis, acid
production from mannitol, lactose, sucrose, and maltose.
Assimilation of arabinose, N-acetylglucosamine, malate were
positive for the isolate, whereas, assimilation of arginine dihy-
drolase, citrate, phenyl acetate were negative. Thus, on the ba-
sis of its characteristics the isolate was identiﬁed as M.
luteolum. Strains of the genus Microbacterium are widespread
and can be isolated from different sources especially from soil
samples [3].
The aim of the investigation was to isolate potential lipo-
lytic bacteria with novel properties and to improve the produc-
tion. The production capacity of organism depends on
successful selection of growth conditions and substrate [4].
Lipase production by psychrotrophs varies with species, as
does the optimum temperature, optimum pH and enzyme
speciﬁcity [42]. During the course of study, the lipase activity
of M. luteolum was detected in the culture supernatant at
12 h interval. The isolate showed maximum lipase production
within 24 h, at 15 C (Table 2). When the inoculated ﬂasks
were incubated at different temperature, the lipase production
was maximum after reaching 24 h at 15 C. Incubation beyond
the optimum time showed a rapid decline in the lipase yield, as
after 48 h. The reduction in lipase yield after an optimum per-
iod is probably due to depletion of nutrients available to the
cells. A maximum of 36 h was reported for optimal lipase pro-
duction by a psychrotrophic species and a longer incubation
time of 6 and 8 days were reported for production of cold ac-
tive lipase by psychrophilic Serratia marcecens and Aeromonasrphological and biochemical characterization.
Results
Round, smooth, convex, entire, opaque and yellow white
Gram +ve, short rods
Motile
4-25 C
Up to2%
Negative
Negative
Positive
Negative
Positive
Negative
Facultative aerobe
Positive
Negative
Positive
Negative
Table 2 Effect of various parameters on cold active lipase
production.
Parameters Lipase activity (U ml1)
(a) Incubation time (h)
12 1.32 ± 0.01
24 2.04 ± 0.05
36 1.77 ± 0.06
48 1.06 ± 0.05
60 0.89 ± 0.08
72 0.66 ± 0.07
84 0.45 ± 0.05
96 0.33 ± 0.08
(b) Temperature (C)
5 0.66 ± 0.02
10 0.95 ± 0.07
15 1.33 ± 0.12
20 1.24 ± 0.16
25 1.11 ± 0.14
30 0.84 ± 0.12
35 0.66 ± 0.12
(c) pH
5.0 0.66 ± 0.02
6.0 1.45 ± 0.07
7.0 1.33 ± 0.18
8.0 1.66 ± 0.51
9.0 1.25 ± 0.13
10.0 0.66 ± 0.03
Data are presented with mean ± standard deviation.
Table 3 Effect of nitrogen, carbon sources, substrates, and
mineral salts on lipase production.
Nutrient sources Lipase activity (U ml1)
Nitrogen source (1% w/v)
Yeast extract 0.61 ± 0.51
Beef extract 1.66 ± 0.43
Peptone 1.02 ± 0.54
Tryptone 1.27 ± 0.23
Ammonium nitrate 1.33 ± 0.52
Sodium nitrate 0.66 ± 0.21
Potassium nitrate 0.65 ± 0.14
Carbon source (0.5% w/v)
Glucose 1.33 ± 0.41
Maltose 1.02 ± 0.36
Lactose 0.67 ± 0.32
Sucrose 0.64 ± 0.21
Mannitol 0.66 ± 0.32
Substrates (0.2% v/v)
Castor oil 1.33 ± 0.24
Mustard oil 1.00 ± 0.21
Trybutyrin 1.21 ± 0.53
Olive oil 0.65 ± 0.31
Coconut oil 0.62 ± 0.23
Jatropha 0.64 ± 0.16
Soybean 0.66 ± 0.25
Mineral salts (0.5% w/v)
NaCl 2.33 ± 0.56
KCl 2.33 ± 0.44
MgCl2 3.21 ± 0.52
CaCl2 7.95 ± 0.59
FeCl3 8.01 ± 0.12
Data are presented with mean ± standard deviation.
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24 h, cold active lipase from M. luteolum is found suitable for
industrial applications for efﬁcient lipase production in a less
time period. There is a signiﬁcant effect of temperature on cold
active lipase production. The temperature of 15 C was found
to be optimum to produce cold active lipase. Beyond the
optimum temperature a sharp fall in the lipase production
was observed. The potential application due to relative high
activity at low temperature could be used in detergent addi-
tives or for processing of volatile substances thereby making
it possible to reduce temperature and thus bring down the en-
ergy costs. The lipase production at 5 C was very low
(0.66 U ml1) with a minimum growth. Psychrotrophs have
highest enzyme production at lower temperatures, lower than
the optimal growth temperature, as in Psychrobacter sp. high-
est lipase activity was observed at 15–20 C, in late logarithmic
phase [47]. In the present study, M. luteolum was able to syn-
thesize maximum lipase at 15–25 C. An optimum pH of 8.0
was determined for cold active lipase production from M.
luteolum. The data obtained indicated that there was strong
inﬂuence of pH on enzyme production. The pH of medium
strongly affects many enzymatic processes and transport of
compounds across the cell membrane [23]. Lipase production
declined on either side of the optimum pH and was minimal
at pH of 10. However, the alkaline pH of 8.0 was found
suitable for maximal lipase production. Cold active lipase pro-
duced owing to its alkaline nature seems to be of considerable
importance in industrial processes such as leather processing,
sewage treatment and detergent formulations.The use of best carbon and nitrogen sources are important
for enzyme production, as these can signiﬁcantly reduce the
cost. Among the various nitrogen sources studied, the isolate
produced maximum lipase in beef extract (1.66 U ml1), fol-
lowed by NH4NO3 (1.33 U ml
1). However, NaNO3, KNO3
and other organic sources like peptone and yeast extract does
not have any signiﬁcant role in increasing the production of
cold active lipase. Contrary to these ﬁndings, NaNO3 and
KNO3 were found to be the preferential nitrogen source for
growth of the psychrotrophic Corynebacterium paurametabo-
lum, for maximum lipase production [20]. Among the addi-
tional carbon source, glucose was suitable for production of
lipase with an activity of 1.33 U ml1 whereas, sucrose, lactose,
and mannitol did not have much stimulatory effect. Glucose
being a more easily available carbon source can prove to be
potentially and economically beneﬁcial and useful for obtain-
ing a higher yield and enhancing the production of cold active
lipase. Lipases are mostly induced in presence of fats or oil in
the culture medium [18,10]. In present study castor oil, a low
cost inducer served as the best carbon source for cold-active li-
pase production (1.33 U ml1) (Table 3). While coconut, soy,
olive, and jatropha oils did not have any signiﬁcant role in
increasing the production of cold active lipase. However, in
earlier studies, soy and olive oil were demonstrated to be pref-
erential inducers for maximum lipase production from the psy-
chrotrophic bacterium [20]. Thus, the use of commercially and
easily available cheap inducer source like castor oil is not only
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Fig. 1 Effect of temperature on stability and activity of cold
active lipase activity and stability.
142 B. Joseph et al.advantageous in enhancing the productivity of lipase but also
ensures a cost effective approach towards large scale produc-
tion. Among the mineral salts, FeCl3 showed stimulatory effect
on lipase production.
Optimization of all the production parameters for cold ac-
tive lipase leads to formulation of a media for enhanced pro-
ductivity with an optimum yield of 8.0 U ml1. Thus, it
provided a suitable environment for the growth and produc-
tion of cold active lipase from the isolated strain M. luteolum.
This is one of the prime objectives for large-scale production of
valuable metabolites which can be achieved with a balanced
nutrient supply and the optimization of external physical
parameters required for fermentation. Low cost, increasing en-
zyme productivity and increasing enzyme stability all contrib-
ute to a more viable process. One liter of optimized media was
prepared, sterilized, inoculated, incubated (15 C) and the
supernatant was collected after 48 h to recover the secreted
enzyme.
The objective of puriﬁcation was to get rid of unwanted
protein, while retaining the enzyme activity. Most puriﬁcation
schemes for lipases are based on multi step strategies. Cold ac-
tive lipase (1000 ml) was partially puriﬁed by precipitating with
ammonium sulfate (60%) and using a single step ion-exchange
chromatography on a DEAE-cellulose (Table 4). Partially
puriﬁed lipase was eluted out as fractions (with 0.1–1 M NaCl
gradient) from DEAE-cellulose column with 35.64-fold puriﬁ-
cation and speciﬁc activity of 93.38 U mg1. A low yield as re-
ported is probably due to difﬁculty of elimination of the
lipopolysaccharide produced by the strain that is found to be
strongly associated with the lipid hydrolysis [11]. TheM. luteo-
lum colony on trybutyrin agar was more viscous in nature and
it may be due to the high lipopolysaccharide content of the
bacterium [33]. In the present study, the yield of cold active li-
pase from M. luteolum is low after partial puriﬁcation. How-
ever, homogenous preparation of cold-adapted lipases is not
required for all industrial applications.
The activity of cold active lipase was determined at a wide
range of temperature 5–50 C. The optimum temperature for
lipolytic activity was determined to be 5 C. A low activation
energy thus indicates its high catalytic efﬁciency [7]. The en-
zyme activity was almost constant within 25–35 C and gradu-
ally declined at temperature beyond 35 C. Similarly, cold
active lipase from Psychrobacter okhotskensis completely lost
its activity above 36 C [46]. Thermal stability of cold active li-
pase was tested at different temperature ranging from 5 to
50 C. The enzyme retained 89% and 64% of its maximum
activity at 35 and 45 C, respectively. The enzyme was stable
up to 35 C for 1 h and decreased at higher temperature
(Fig. 1). While stability of cold active lipase from Aeromonas
sp. LPB4 was up to 50 C and a dramatic decrease thereafter
[25]. This marked liability of lipase together with its high cat-
alytic efﬁciency near 5 C clearly denotes that it is cold active
enzyme. The increased catalytic activity at low temperatures
and decreased thermostability of psychrophilic enzymesTable 4 Summary of partial puriﬁcation of cold active lipase from
Step Total protein (mg) Total activit
Crude extract 1717.5 4500
Ammonium sulfate precipitation 20.13 246
DEAE cellulose 1.3 121.4suggest that there is a relationship between stability and activ-
ity to maintain the activity at low temperature. The poor ther-
mal stability of psychrophilic enzymes, which facilitates their
rapid inactivation by a moderate rise in temperature is also
advantageous in some technologies. The lipase thus exhibiting
stability at ambient temperature can be employed owing to its
high catalytic efﬁciency and unique speciﬁcity at low and mod-
erate temperatures for biotechnological or industrial processes.
These include their use as catalyst for organic synthesis of
unstable compounds at low temperature [19].
For determination of activity at different pH, buffers were
used. The highest lipase activity was found to be at pH 8.0
using phosphate buffer (Fig. 2). Almost negligible activity
was obtained in acidic range and even at neutral pH. An in-
crease in the enzyme activity in the alkaline range suggests that
the enzyme is strongly alkaline in nature. A pH of 8.0 was opti-
mum for cold active lipase activity from Corynebacterium sp.
[35]. The stability of alkaline lipase was determined by pre-
incubating the partially puriﬁed cold active enzyme in various
buffers of different pH for 1 h. The optimum pH for the activ-
ity of the enzyme is 8.0 and it is stable over a broad range of
pH 6.0–9.0. Lipases showing high stability and activity over
a wide range of pH and activity under non-conventional con-
ditions are of great interest. The major commercial application
for alkaline stable lipases is the use in laundry and household
detergents. These properties can be extremely useful in various
applications and are both innovative and invaluable.
Numerous biocatalysts are denatured or inactivated by or-
ganic solvents. The enzyme was found to be activated in pres-
ence of solvents at various concentrations (Table 5). Lipase
shows maximum solvent stability at 5% concentration of
DMSO, followed by ethanol and iso-propanol. Enzymes were
found to be stable in presence of various water miscible sol-
vents [7]. The high activity of lipase in presence of solvents is
probably because the solvents convert the closed form of the
enzyme to open form and activates the enzyme in this open
conﬁrmation [8]. The stability of the enzyme increased withM. luteolum.
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Fig. 2 Effect of pH on stability and activity of cold active lipase.
Table 5 Effect of different concentration of solvents on
partially puriﬁed lipase activity.
Solvents 5% 25% 50%
Acetone 140 220 80
Acetonitrile 84 72 58
n-Butanol 132 165 175
Benzene 124 147 154
Diethyl ether 121 145 156
DMFO 102 145 165
DMSO 112 102 85
Ethanol 170 80 80
Hexane 130 153 240
Iso-propanol 200 190 80
Methanol 120 160 170
Data are means of triplicate determinations.
Table 6 Effect of different concentration of metal ions and
inhibitors on partially puriﬁed lipase activity.
Relative activity (%)
Metal ions (1 mM)
FeSO4 88
CoCl2 56
ZnSO4 54
HgCl2 25
MnSO4 11
CuSO4 19
NaSO4 99
Inhibitors (1 mM)
EDTA 40
EDTA+ Ca2+ 95
SDS 89
DTT 38
Data are means of triplicate determinations. The relative activity
(%) was calculated relative to the case of reaction without the
addition of any inhibitors, which was taken as 100%.
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diethyl ether, DMFO, hexane, and methanol while it decreased
with increased concentration of DMSO, ethanol, and iso-pro-
panol. This property makes it particularly important because
of their ability to carry out transesteriﬁcation and synthesis
of chiral compounds in organic environment. The commercial
synthesis of valuable fatty acid esters, peptides, oligosaccha-
ride derivatives and other compounds obtained from sub-
strates showing poor solubility in aqueous media can be
achieved using lipases operating under low water conditions.
The cold active lipase was inactivated by acetonitrile compared
with other solvents. This phenomenon is due to the high toxic-
ity of the organic solvent to the enzyme [38]. From these re-
sults, no speciﬁc trend of lipase behavior with respect to
organic solvents was observed. Different lipases are known
to show different stabilities against various organic solvents.
Only few lipases that were organic solvent tolerant from Bacil-
lus species has been isolated [41,36]. Other lipases such as
lyophilized LipA from Acinetobacter sp. RAG-1, incubated
with a variety of water-miscible organic solvents for 1 h at
30 C, retained P90% activity [40]. Exposure of the lipase to
various organic solvents for 1 h elucidated that this enzyme
was stable in all organic solvents tested. Substrates for lipases
are often insoluble in aqueous solution and the presence of or-
ganic solvents increases the substrate solubility. The stability
and activation effects of the organic solvent – tolerant lipasein aqueous–organic mixtures suggested the ability of this en-
zyme to resist denaturation by organic solvents and to form
multiple hydrogen bonds with water for structural ﬂexibility
and conformational mobility for optimal catalysis [22].
In the present study, enzyme exhibited high residual activity
in presence of Na+ and Fe2+ (Table 6). The enzyme being sta-
ble even in presence of metal ions is useful in industrial appli-
cations such as esteriﬁcation reactions, desymmetrization of
chemical compounds etc. Nearly one-third of all known
enzymes require metal ions for catalytic activity [44]. This sug-
gested that this lipase is a metal-activated enzyme. In this
group of enzymes, the ions often play a structural role rather
than a catalytic one. The ions bind to the enzyme and change
the conformation of the protein to counter greater stability to
the enzyme [34]. Most of the other metal ions such as Co2+
and Zn2+, slightly inhibited lipase activity. This may be due
to transition metal ions changing the conﬁrmation of the pro-
tein to less stable form due to ion toxicity. Cold active lipase
activity was inhibited in presence of Mn2+, Cu2+, and
Hg2+. Similarly, the lipase from psychrophilic Pseudomonas
sp. strain B11-1 was found to be strongly inhibited by Zn2+
and Cu2+ ions [7]. Inhibition studies primarily give an insight
into the nature of enzyme, its cofactor requirements and the
nature of the active center. The effect of different inhibitors
on enzyme activity of partially puriﬁed cold active lipase was
studied. EDTA and DTT exhibited inhibitory activity on
lipase. EDTA has been reported to inhibit activity on few
lipases [37]. Concentration as low as 1 mM of EDTA is found
to affect the enzyme activity signiﬁcantly [32]. The lipase was
stable in the presence of SDS. This characteristics promises
to be of advantage in pharmaceutical industries, for chemical
formulation of symmetric compounds, desymmetrization reac-
tions etc., [19]. To study the stabilization effect of calcium, par-
tially puriﬁed lipase was incubated in the presence and absence
of 1 mM CaCl2 with EDTA, enzyme preparations without cal-
cium showed a linear decrease in activity. In the absence of
Ca2+, up to 60% of the initial activity was lost, whereas en-
zyme incubated in the presence of calcium retained 95% activ-
ity. The data clearly showed that Ca2+ enhances stability of
144 B. Joseph et al.lipase. Similarly, lipase prepared from Pseudomonas glumae
also showed reduction in activity associated with calcium loss
[29]. Enzyme stabilization by calcium has been demonstrated
in other studies [7]. These data comprise undeniable biochem-
ical conﬁrmation for conservation of Ca2+ binding pocket in
bacterial lipases and its importance in enzyme stabilization.
The Ca2+ ion has a special enzyme-activating effect that it ex-
erts by concentrating at the fat–water interface. Calcium ions
may carry out three distinct roles in lipase action: removal of
fatty acids as insoluble Ca2+ salts in certain cases, direct en-
zyme activation resulting from concentration at the fat–water
interface, and stabilizing effect on the enzyme [34].
The present work has been an attempt to unravel the un-
touched microbial diversity of soil resources from the cold
environment of Gangotri glacier in terms of some functional
attributes. The production of cold active lipase byM. luteolum
owing to its low optimum temperature and high activity at
very low temperature attracts special attention for production
of relatively frail compounds as in organic synthesis of chiral
intermediates. In addition, a reduction in production cost
due to use of commercially and easily available cheap source
like castor oil; its stability in presence of alkaline pH, organic
solvents and detergents demands it to be a good potential for
several industrial applications (such as detergent formulation,
sewage treatment, and leather processing etc.) carried out at
moderately low temperatures and other bio-formulations. Fur-
ther investigations on these aspects thus may not only offer
clues to behavior of cold active lipase under various circum-
stances but also help in exploiting the potential of the microor-
ganism present in unexplored areas of the Himalayan region.
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